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 
Abstract—In this paper, a topology using a Dual-stator 
Winding Induction Generator (DWIG) and a boost converter is 
proposed for the variable speed wind power application. At low 
rotor speeds, the generator saturation limits the voltage of the 
DWIG. Using a boost converter, higher DC voltage can be 
produced while the DWIG operates at Maximum Power Point 
Tracking (MPPT) even at low speed and low voltage conditions. 
Semiconductor Excitation Controller (SEC) of the DWIG utilizes 
Control-Winding Voltage Oriented Control (CWVOC) method to 
adjust the voltage, considering V/f characteristics. For the 
proposed topology, the SEC capacity and the excitation capacitor 
is optimized by analyzing the SEC reactive current considering 
wind turbine power-speed curve, V/f strategy, and the generator 
parameters. The method shows that the per-unit capacity of the 
SEC can be limited to the inverse of DWIG magnetizing 
reactance per-unit value. The topology is simulated in 
MATLAB/Simulink platform and experimented with a scaled 1 
kW prototype. Both simulation and experimental results 
demonstrate wide variable speed operation range of the DWIG 
and verify the optimization.  
 
Index Terms—Boost converter, control-winding voltage 
oriented control, dual-stator winding induction generator 
(DWIG), Wind power, Variable speed operation.  
 
I. INTRODUCTION 
OWADAYS, wind power generation is considered as an 
alternative to the conventional fossil fuel power plants. It 
is attracting more attention, as more than half of the present 
wind turbine capacity has been installed in the past five years 
[1]. The early wind turbine technology was based on squirrel-
cage induction generators (SCIG), connected directly to the 
grid, therefore, the rotor speed remains almost constant. In the 
modern wind turbine technologies, due to the maximum wind 
power extraction and the gearbox problems, turbine designers 
preferred variable speed generator systems. Power electronic 
converters facilitate variable speed operation of the generators, 
which can also be employed in the wind power systems [2]-
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[3]. Most of the variable speed wind turbine systems are based 
on Doubly-Fed Induction Generator (DFIG) or Permanent 
Magnet Synchronous Generator (PMSG) [4]-[5]. The PMSG-
based wind turbine has a higher power density and efficiency; 
while suffering from the high cost of generator raw materials 
and the full-rated converter price. Instead, the DFIG-based 
systems have lower efficiency and higher maintenance costs 
due to the slip-ring and brush arrangement, but the generator 
and partial-rated converter price are lower [6]. 
Due to the environmental concerns and social/political 
restrictions, there is a growing demand for the offshore wind 
turbine installation, where better wind condition is also an 
advantage [7]. For the large-scale offshore wind farms that are 
placed far from the shore, the economical transmission system 
is High Voltage Direct Current (HVDC) transmission [8]. To 
integrate the wind turbines with HVDC transmission system, 
several promising solutions have been proposed in the 
literature [8]-[12]. In those studies, the integration of both 
DFIG and PMSG-based wind turbines with HVDC has been 
discussed. For the application, the DFIG-based system 
requires additional AC/DC converter which increases the 
investment cost. Moreover, the maintenance cost for DFIG in 
offshore wind farms is higher [10]-[11]. Although the 
investment cost for the PMSG-based wind turbine is high, the 
generators with DC output voltage are highly recommended to 
be integrated with HVDC system due to the higher efficiency, 
higher Annual Energy Production (AEP), lower maintenance 
costs and no need for additional AC/DC converter [8] and 
[12]. 
In recent years, Dual-stator Winding Induction Generator 
(DWIG) DC generation system has been proposed in the 
literature for the variable speed applications such as offshore 
wind power system, ship propulsion, and aircraft generation 
system [13]-[14]. In this context, various topologies of the 
DWIG generation system [15]-[16], control methods [17]-
[19], and the system parameters design and optimization [20]-
[21] have been explored. Additionally, some literature 
discusses the operation of DWIG under unbalanced load [22]-
[23] and rotor-speed stability under fault condition [24]. The 
studies show that DWIG DC generation system achieves a 
reliable performance under various load and speed conditions 
and has several advantages such as high power density, 
robustness, innate overload protection, brushless construction, 
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less maintenance, and lower generator costs [24]-[26]. 
Therefore, the DWIG-based system can be considered as an 
attractive candidate for the wind power generators, especially 
for offshore HVDC windfarm, bringing about the reduction of 
the CAPital EXpenditure (CAPEX) and OPerating 
EXpenditure (OPEX). 
In a wind power system, the generator’s wide operating 
speed range is very beneficial to adopt wide wind speed 
variations and extract the wind power efficiently. The wide 
speed range operation for DWIG generation system has been 
investigated in the literature [21],[26]-[30]. Some of the 
studies discuss the operation, control and SEC optimization at 
the speed range 1-2 p.u. in which the rated speed is 4000 rpm. 
Generation at this speed range is suitable for high-speed 
applications such as aircraft generators, however, for a wind 
turbine, operation at lower speeds, especially lower than the 
rated speed, is required. In [28], DWIG generation system is 
proposed for the wind power application, and shows that the 
generator can operate in a speed range of 0.66-1.6 p.u. with 
the rated speed of 750 rpm. At the lower speeds, generator 
saturation acts as a limiting factor for the DWIG and prevents 
the output DC voltage to reach the nominal value. The wide 
speed range operation of DWIG for a wind system has been 
proposed in [29] and the grid-connected application of the 
topology has been presented in [30]. In these papers, to 
overcome the problem of generator saturation, the SEC 
controller mode is changed at low speeds and the SEC DC-
link is connected to the output DC-link via a diode to supply 
the load. With this strategy, the capacity of SEC must be 
increased for active power flow at low speeds to achieve the 
speed range 0.4-1.6 p.u. On the other hand, changing the 
controller mode and power flow between the control-winding 
and power-winding cause a step change in the current of both 
windings. Also, another control process must be applied to 
switch the power flow by changing the DC voltage. Therefore, 
when there is some fluctuation in the generator speed, many 
transients are occurred. This may cause DC voltage and 
current oscillations, especially, at low wind and high 
turbulence conditions. 
Structure of the diode rectifier and the boost converter with 
only one active switching element has several advantages such 
as simplicity, lower cost, reliability, and robustness, especially 
in high power applications [31]. The topology is used in the 
wind turbine systems either with PMSG or electrically excited 
synchronous generators (EESG) for MPPT control in variable 
speed range and to connect the higher voltage level [31]-[33]. 
But in the SCIG application of the topology, it suffers from 
reactive power supplement required for the generator 
excitation. In DWIG, the control-winding performs the 
generator excitation, providing the possibility of using a 
passive rectifier together with a boost converter, to control the 
generator active power and increase the voltage level at 
different speeds. 
This paper proposes a topology in which a boost converter 
is utilized with the DWIG generation system to broaden the 
DWIG speed range to 0.2- 1.3 p.u. associated with a control 
system to track the maximum power point (MPP). Unlike the 
previous methods which try to regulate the power-winding 
DC-bus voltage within the operating speed range, in the 
proposed structure, the DC-bus voltage is allowed to be 
variable and the active power of the power-winding is 
regulated instead. Therefore, V/f strategy can be performed by 
the SEC at low speeds without the need to change the control 
mode and switch the power flow between power and control 
windings. In the topology, to adjust the DWIG voltage in the 
speed range, Control-Winding Voltage Oriented control 
(CWVO) is employed by the SEC while V/f characteristic of 
the DWIG is considered. In this paper, the optimization of 
SEC capacity and the excitation capacitor is also modified 
based on the proposed topology while the power-speed curve 
of the wind turbine and V/f strategy for DWIG voltage control 
are considered. Finally, wide-speed-range operation and 
optimization of the system are verified by computer 
simulation and experimental results. 
II. PROPOSED TOPOLOGY 
In the wind power application, to ensure that the wind 
turbine tracks the maximum power point (MPP), variable 
speed operation is required. Particularly, in low wind speed 
condition, to increase the output power, the generator must 
work at low speed, to increase the blade aerodynamic 
efficiency. This operation increases the annual energy output 
and decreases the time period of investment return [34].  Fig. 1 
shows the wind turbine power-speed curves for various wind 
speeds in which each curve has its MPP at a specified speed. 
So, one of the main objectives of the control system is to 
adjust the generator speed at the optimal value. 
In this paper, a boost converter is utilized in the DWIG-
based system to control the generator speed for MPPT purpose 
in a wide speed range. The proposed topology is shown in Fig. 
2.  The topology employs a squirrel cage induction generator 
with two sets of stator windings, wounded in the same stator 
slots and both are star-connected 3-phase winding with the 
same number of poles. One is the control-winding, which is 
used to control the generator excitation and supply a part of 
generator reactive power. The other is power-winding used for 
active power generation. Nevertheless, some part of the 
generator reactive power is provided through the power-












Fig. 1. Wind turbine power-speed curve at different wind speeds (vw). 
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Fig. 2. Proposed topology.  
In the control-winding side, a voltage source converter, 
named SEC, is connected to the winding via a coupling 
inductor (LSEC). Also, a low voltage battery with a series diode 
is connected to DC side of SEC to charge the capacitor for the 
system start-up. At normal operation, SEC regulates its DC-
link voltage (Vdc) to a specific reference value, which is more 
than the battery voltage, so the diode is reverse biased. The 
main role of SEC is regulation of the control-winding voltage. 
Meanwhile, the frequency is controlled according to the 
generator speed and the slip frequency which is imposed by 
the load. To generate electrical energy at the low-speed 
conditions, where the frequency is low, magnetic saturation of 
the generator is the main limitation. In such condition, the 
SEC decreases the amplitude of the control-winding voltage 
according to V/f strategy to avoid saturation. 
In the power-winding side, there is a 3-phase diode rectifier 
and an excitation capacitor. The output DC-link of the diode 
rectifier is directly connected to a boost converter. The diode 
rectifier converts the variable amplitude and frequency voltage 
of the power-winding into a DC voltage (VB1), and then the 
boost converter adjusts the output power at the MPP, 
according to the power-speed curve. This can be performed by 
controlling the boost converter input current (IB1), which leads 
to the control of the generator power-winding current, as well 
as the generator power. The output voltage of the boost 
converter is regulated at a higher constant value by a grid-
connected converter to inject the generated power to the AC 
network. In addition, the boost converter output can be 
connected to a DC network with a higher voltage such as 
HVDC. 
III. DWIG MODEL 
The dynamic equations of the DWIG voltage equations in 
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(1) 
where ω and ωr are the angular synchronous frequency and 
the rotor speed, and v, i, and λ refer to voltage, current and 
flux linkage respectively. The indices c, p, and r are related to 
the control-winding, power-winding, and rotor parameters. In 
the model, both control and rotor winding parameters are 
transferred to the power-winding side. Both d and q axis 
voltages of the rotor-winding are zero, due to the squirrel cage 
type of the rotor. The linkage fluxes equations are described in 
(2): 
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(2) 
where the inductances are: 
c lc lcp m
p lp lcp m
r lr m
cp pc lcp m
cr rc m
pr rp m
L L L L
L L L L
L L L














in which, Llc, Llp and Llr are the control-winding, power-
winding and rotor-winding leakage inductance, respectively, 
and Lm refers to the magnetizing inductance. The mutual 
leakage inductance between control and power windings (Llcp) 
can be neglected because of its insignificant value. Fig. 3 






















































Fig. 3. Circuit model of the DWIG a) d-axis, b) q-axis.  
IV. CONTROL STRATEGY 
A. DWIG excitation control strategy 
In this paper, adjusting the control-winding voltage (Vc) is 
the main role of SEC to excite the DWIG. Since in the 
proposed topology, the boost converter is used to increase the 
output voltage level, V/f strategy can be applied in the DWIG 
excitation controller for low-speed generation. For this 
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purpose, the SEC DC-link voltage (Vdc) must be regulated at a 
reference value. In this paper, to adjust the Vc and Vdc, CWVO 
strategy is employed. Fig. 4 shows the block diagram of 






























































Fig. 4. DWIG CWVO excitation control strategy.  
In this method [16], aligning the control-winding voltage 
with the d-axis, the q-axis voltage (vcq) becomes zero and the 
d-axis voltage (vcd) equals the amplitude of the control-











Therefore, according to the instantaneous power theory 

















For vcd  in (1), if the voltage drop across the winding 
resistance (Rcicd) is neglected and the control-winding d-axis 
flux is assumed to be constant (dλcd/dt=0), then: 
cd cqv   (6) 


















which shows that the control-winding active and reactive 
power can be controlled by icd and icq respectively.  
The power balance relationship between the SEC DC-link 















where Cdc and pSEC_loss are the SEC DC-link capacitor and 
power loss respectively. Similar to a Static Synchronous 
Compensator (STATCOM), SEC absorbs a little active power 
for its internal power loss, when exchanging reactive power; 
otherwise, the DC-link voltage would not be stable. Therefore, 
Vdc can be controlled by the control-winding active power. 
As described in [21], the control-winding flux (λcq) can be 
regulated by control-winding reactive power (qc) at different 
speeds. This can be presented by (9) using the equations of λcq 
and qc, given in (2) and (7) respectively: 
 
. . /cq ccq c sq L    (9) 
 
where λccq is a part of the control-winding flux λcq, induced by 
isq in the control-winding. On the other hand, (4) and (6) show 
that by regulating the control-winding q-axis flux (λcq), the 
amplitude of control-winding voltage can be adjusted. 












Equation (10) indicates that in the proposed system, control 
of the SEC DC-link voltage (Vdc) and control-winding voltage 
(Vc) can be performed by the control of icd and icq respectively.  
In DWIG excitation control strategy as shown in Fig. 4, the 
controller uses a decoupling strategy with PI controllers in 
current loop, to control icd and icq separately and independent 
of the DWIG parameters [19]. To determine the control-
winding d-axis reference current (icd
*
), Vdc is compared with its 
reference value and the output error is passed through a PI 
controller. Similarly, the q-axis reference current (icq
*
) is 
obtained by comparing Vcd with its reference value and using 
another PI controller. At low-frequency operation, 
corresponding to low generator speed, V/f strategy is applied, 
i.e. Vsd
*
 is determined according to the operating frequency.  
B. Boost converter MPPT control  
As the excitation control regulates the DWIG voltages, the 
boost converter controls the generator active power based on 
MPPT. The boost converter provides a wide speed range of 
operation, including low-speed condition, where the DWIG 
voltage is reduced according to V/f strategy. Boost converter 
accommodates the increase in the output voltage and connects 
the generator to a higher voltage level. For MPPT, the control 
strategy presented in [32] is employed. The control scheme for 
the boost converter is shown in Fig. 5. 
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Fig. 5. Boost Control strategy for MPPT operation. 
To achieve MPPT, the controller uses a look-up table, 
which is obtained from the power-speed curves presented in 
Fig. 1. In the look-up table, for any given DWIG speed (ωr), 
the optimum power (Pout
*
) is stored. The optimum power is 
considered as reference power in the boost controller to adjust 
the output power at MPP. If the boost converter power loss is 
ignored, the output power (Pout) can be obtained from (11): 
2 2 1 1out B B B BP V I V I  (11) 
VB1 can be written as a constant ratio of power-winding 
voltage if the diode rectifier voltage drop is ignored. Since the 
DWIG control and power windings experience the same air 
gap flux, controlling the voltage of control-winding leads to 
regulation of power-winding voltage. Therefore, the power-
winding voltage can be replaced by the control-winding 
voltage considering the voltage drop across the generator 
impedance. The voltage drop depends on the control-winding 
and power-winding currents which are determined by control-
winding voltage and rectifier/boost converter current. So, VB1 
and Pout can be expressed by (12) and (13), respectively: 
 
1 1
3 2 3 2
. . . ( , )
p
B p c B c
c
n
V U U U I U
n 
    (12) 
1 1
3 2
. . ( , ) .
p
out c B c B
c
n
P U U I U I
n
 




Where Up and Uc denote the line voltage of power-winding 
and control-winding respectively; ∆U is the voltage drop 
across control-winding and power-winding; np/nc is the turn 
ratio of the windings. Since Uc is regulated by the excitation 
control to its reference value, Pout - given in (13)- can be 
controlled by IB1. So in the power regulation loop, Pout is 
compared with its reference value and using a PI controller, 
the reference value of IB1 is obtained. In the current regulation 
loop, IB1 is compared with its reference value and the output 
error is passed through another PI controller to determine the 
duty cycle (D) of the boost converter. Finally, using PWM 
technique with saw-tooth carrier waveform, the duty cycle is 
converted to the switch drive signal. 
V. OPTIMIZING THE SEC CAPACITY AND EXCITATION 
CAPACITOR 
Within the wide speed range operation of DWIG, tracking 
the required reactive current at different loads and speeds is 
the most important issue in order to determine the capacity of 
SEC and the optimum excitation capacitor. The required 
reactive current is partially supplied by SEC and the rest is 
supplied by the excitation capacitor. At low-speed generation 
where the frequency is low, the excitation capacitor current is 
not significant and SEC supplies most of the generator 
reactive current. As speed rises, the generator load is increased 
due to the wind turbine power-speed curve. In this condition, 
the generator needs more reactive current. Besides, the 
frequency rise leads to increase in the capacitor current. 
Therefore, if Cexc is properly selected, the SEC reactive current 
can be limited to its low-speed generation value and the 
capacity of SEC can be minimized. In this paper, this 
optimization is performed based on the wind turbine power-
speed curve while V/f strategy is considered. 
A. Determining the control-winding current at different 
speeds 
For a sinusoidal and balanced condition, the simplified per 
phase equivalent model of the proposed system and its phasor 
diagram are shown in Fig. 6. In the model, it is assumed that 
1) the fundamental components of the currents are considered 
and harmonics are neglected, 2) the mutual leakage inductance 
between the control-winding and the power-winding is 
neglected, 3) SEC and boost converter power loss and DWIG 
hysteresis and eddy loss are ignored, 4) SEC generates only 











































Fig. 6. a) Per phase circuit diagram of DWIG. b) DWIG phasor diagram. 
In Fig. 6(a), SEC is modeled as a current source which 
regulates the control-winding voltage by controlling the SEC 
current. The rectifier and boost converter is considered as a 
load resistor (RL) which varies based on the power-speed 
curve of the turbine and determines the rectifier input current 
(IL). At steady state, this current can be calculated uniquely 
for different rotor speeds as it is described in [28]: 
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where Xm, Xp, Xr denote the magnetizing, power-winding, and 
rotor leakage reactance of the generator respectively. ICexc and 
XCexc are the excitation capacitor current and reactance and s is 





  (15) 
In (14), Em is the back electromotive force and it is assumed 
that Vc and Em are approximately the same (i.e. Em ≈ Vc). On 
the other hand, Vc is regulated by SEC based on the V/f 




















where Vcn and ωn are the nominal control-winding voltage and 
the nominal angular frequency of DWIG.  
The first term in (14) is the reactive current consumed by 
DWIG magnetizing reactance and is the main reactive current 
required for DWIG operation. The second term denotes the 
reactive component of rotor current which depends on the 
DWIG load. The reactive current consumed by power winding 
reactance is the third term and the last term denotes the 
generated reactive current by the excitation capacitor. To 
compute Ic form (14), at first, some variables such as ω, s, Vp, 
and IL must be calculated at different speeds: 
1) Calculation of ω and s 
Since the generator reactances and Em in (15) are frequency 
dependent, it is essential to obtain the frequency at the 
corresponding rotor speed. The frequency and slip can be 
obtained according to the transmitted power from the rotor to 




















Since DWIG operates at MPP, Pe follows the power-speed 
curve at different speeds. So, Pe can be defined as a function of 
speed: 
( )e rP F   (18) 
where F(ωr) is the power-speed curve presented in Fig.1. 
Substituting (15), (16) and (18) in (17), a nonlinear 
relationship between ω and ωr is obtained and iteration 
method can be utilized to find ω, s versus ωr. 
2) Calculation of Vp and IL  
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(19) 
and IL is:   
2 2
. .
( ) ( )
p m
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(20) 
to obtain Vp and IL from (19) and (20), it is necessary to 
determine RL which is the per-phase equivalent of the boost 














Fig. 7. Boost converter-rectifier and equivalent load resistance. 
When the boost converter operates in continuous 







  (21) 
where Rout is the equivalent output resistance of the boost 
converter and D is the duty cycle. Since the boost converter 
output is connected to a regulated DC-link, VB2 is constant and 
Rout can be expressed in terms of VB2 and the boost converter 











  (22) 
In addition, the active power transferred from DWIG 
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(23) 
Substituting (22) in (23) and neglecting the power loss in 
the rectifier, the boost converter (i.e. Pout ≈ PL), the duty cycle 
can be calculated as: 
2 2
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   
(24) 
Substituting (24) in (22) and considering the power-speed 
curve as the boost converter output power, i.e. Pout=F(ωr), RL 
can be determined for different speeds. Therefore, Vp and IL, 
which are required for the control-winding current calculation, 
can be obtained from (19) and (20). 
B. Behavior of Ic vs ωr using different Cexc   
To show the control-winding current behavior, a 2.3 MW, 
690V, 50Hz, 4pole DWIG system is studied. The generator 
parameters are described in [37] where the control winding 
and power winding have the same parameters. The rotor speed 
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range is considered between 0.2 p.u. and 1.3 p.u. of the base 
speed. Fig. 8(c) shows the behavior of Ic for different 
excitation capacitors. The currents are obtained based on the 
power-speed curve and V/f strategy which are respectively 
shown in Fig. 8(a) and (b). In Fig. 8(c), the curve with Cexc=0 
shows the reactive current requirement of DWIG. This curve 
shows that Ic is increased as the speed and load rise. At the 
low-speed, low-load condition, the change in excitation 
capacitor has little effect on the control-winding current. In 
other words, the whole current at low-speed condition must be 
supplied by SEC. The value of this current is approximately 
equal to Em/Xm , i.e. the first term in (14). Also, at high-speed 
operation, the bigger capacitance causes more decrease in the 
control-winding current. The reason is that the rotor speed 
rising leads to increase the voltage and frequency of the 
system, so the excitation capacitor can supply more reactive 
current for the generator requirement. At the speeds higher 
than ωr=1.2 p.u., the output power is kept constant and the 
required reactive current of DWIG is almost constant. On the 
other hand, as the speed increases, the capacitor reactive 
current is increased depending on the frequency. Therefore, 
the control-winding reactive current is decreased compared to 
its value at ωr=1.2 p.u. The slope of decrease is affected by the 























Fig. 8. a)Power speed curve b) Corresponding Vc vs speed. c) Calculated 
Control-winding current for different capacitors. 
C. Excitation capacitor and SEC capacity calculation  
Based on Fig. 8, if the capacitor is selected big enough, the 
maximum value of Ic can be limited to its value corresponding 
to the minimum speed. Although the bigger capacitor 
decreases the value of Ic at high rotor speeds, SEC capacity 
will not be affected. Thus, selecting minimum Cexc is cost 
effective. The minimum capacitor can be selected based on 
(25): 
_ min( ) ( )c r c rI I     (25) 
where ε is a small positive number. As it is seen in Fig. 9, at 
high speeds, the maximum value of Ic occurs at the rated speed 
(ωr_rated) and (25) can be rewritten as: 
_ min _( ) ( )c r c r ratedI I     (26) 
To obtain the optimum value of the excitation capacitor, an 
iterative method can be employed, taking (26) as the objective 
function. For the system under study, the optimum value for 







Fig. 9. The behavior of control-winding current in the different rotor speed. 
The capacity of the SEC can be obtained as follows: 
   ( . .) ( . .) ( . .)max .maxSEC p u c p u c p uS V I  (27) 
The maximum value for Vc(p.u) is 1p.u. which is the nominal 
voltage of the control-winding. By selecting the optimum Cexc, 


















The voltage to frequency ratio is taken constant and equal to 
1 p.u. when the frequency is lower than its base value, then 










Equation (29) can be deduced such that per-unit capacity of 
SEC can be limited to the inverse of the magnetizing 
inductance per-unit value. For the 2.3MW DWIG, with 
magnetizing inductance about 3.24 p.u., SEC capacity is 
obtained 30 percent of the base MW. 
VI. SIMULATION RESULTS 
Using MATLAB/Simulink platform, DWIG system is 
simulated to evaluate its performance and study the effect of 
optimal excitation capacitor. Simulation results are obtained 
for the 2.3MW DWIG system introduced in section V. In the 
system, the boost converter output is connected to the grid via 
a 3-pahase voltage source converter. Cexc is set to 0.15 p.u., as 
obtained in the previous section.  
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Fig. 10. Simulation result of 2.3MW DWIG. 
 
Fig. 10 shows the simulation result of the DWIG system. At 
t = 0.1 s, the SEC controller is activated and at t = 0.4 s, the 
SEC DC-link voltage (Vdc) and control-winding voltage (Vc) 
starts to build up. After SEC start-up process, at t = 2 s, the 
boost converter starts to control the output power based on the 
power-speed curve. As it is seen in Fig. 10(a), at t = 3 s and t = 
5 s, the prime mover starts to increase the rotor speed from 0.2 
p.u to 0.8 p.u. and from 0.8 p.u. to 1.2 p.u., respectively. 
 Fig. 10(b) shows that Vdc follows its reference signal to 
reach its nominal value of 1.2 p.u. As indicated in the figure, 
the voltage is well controlled with increasing DWIG speed and 
load. The phase-A voltage of the control-winding (vca) is 
shown in Fig. 10(c). During start-up process, because of the 
low-speed operation, the amplitude of the voltage is limited to 
about 0.2 p.u., to avoid DWIG magnetic saturation. With the 
speed rising, the voltage amplitude is increased as the 
frequency is increased. At speeds above 1 p.u., the controller 
adjusts the control-winding voltage to its nominal value (1 
p.u.). Figs 10(b) and 10(c) show that DWIG excitation 
strategy has a good performance in control-winding voltage 
regulation. 
In Fig 10.(d), the phase-A current of the DWIG control-
winding (ica) is presented. As expected, the behavior of the 
current is similar to that presented in Fig. 8(c) when Cexc is 
selected 0.15 p.u. After SEC voltage build-up, at all speeds, 
the current is limited to 0.3 p.u., which shows properness of 
the excitation capacitor selection. 
Figs 10(e) and 10(f) show the input current of the boost 
converter and the power injected into the grid by the voltage 
source converter, respectively. As indicated in the figures, 
both variables follow their reference signals which are 
determined by the wind turbine power-speed curve. These 
figures prove the performance of the boost converter control 
strategy in tracking MPP.  
The simulation results show that as the SEC controller 
excites DWIG, the output power control is performed properly 
at different speeds by the boost converter. Therefore, by using 
the boost converter in DWIG DC generation system, MPPT is 
achieved in a wide range of rotor speed. 
 
VII. EXPERIMENTAL RESULTS 
To verify operation of the proposed system in a wide speed-
range and validity of the optimization method for SEC 
capacity and excitation capacitor, an experimental setup is 
developed as shown in Fig. 11. The platform consists of a 1 
kW DWIG, coupled with a 2.85 kW DC motor as the prime 
mover, which is connected to a DC drive system to adjust the 
rotation speed. The main parameters of DWIG system are 
presented in Table I. The control-winding of DWIG is 
connected to the SEC via an 8 mH inductor and is controlled 
by a TMS320F2812 DSP control board. In DWIG power 
winding side, there is a 77 uF/phase excitation capacitor bank 
which is selected by the proposed optimization method and a 
3-phase diode rectifier together with a boost converter. The 
boost converter control strategy is implemented by an 
STM32F407VGT6 ARM microcontroller. The DC-link output 
of the boost converter is tied to a grid-connected inverter 
which regulates the DC-link voltage to 200 V. 
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Fig. 11.Experimental setup of the DWIG system. 
TABLE I 
PARAMETERS OF THE DWIG SYSTEM 
Quantity Symbol Value 
Rated output power P 1 kW 
Rated control winding line voltage Uc 230 V 
Rated control winding line voltage Up 115 V 
Pole pair pp 2 
Base frequency fb 50 Hz 
Base rotation speed Nb 1500 rpm 
Rated rotation speed Nn 1800 rpm 
Power-winding resistance  Rp 1.52 Ω 
Power-winding leakage inductance Llp 4.9 mH 
Control-winding resistance *Rc 2.48 Ω 
Control-winding leakage inductance *Llc 5.2 mH 
Rotor resistance *Rr 1.63 Ω 
Rotor leakage inductance *Llr 5.6 mH 
Magnetizing inductance *Lm 59.1 mH 
Battery voltage Vbat 48 V 
SEC DC-link voltage Vdc 400 V 
SEC DC-Link capacitor Cdc 560 uF 
SEC coupling inductor LSEC 8 mH 
Excitation Capacitor Cexc 77 uF 
Boost converter output voltage VB2 200 V 
Boost converter inductor LB 10 mH 
Boost converter capacitor CB 470 uF 
*All the generator parameters are referred to power winding side. 
During start-up process, the boost converter output DC 
voltage is regulated by the voltage source converter to 200 V 
and the prime mover adjusts the rotor speed to 300 rpm. When 
the rotor speed reaches 300 rpm, SEC DC-link voltage starts a 
ramp build-up toward the reference value.  As shown in Fig. 
12 (a), Vdc is ramped up to 400 V by the controller. In this 
situation, ic includes a reactive component and also a small 
negative active component to charge the capacitor and supply 
SEC power loss. The reactive component supplies the required 
reactive power of DWIG for regulation of the control-winding 
voltage, which leads to increase VB1 as shown in Fig 12(b). 
After a transient, ica is limited to the required value, settled at 
1.8 A as expected. Then, the boost converter initiates power 
generation according to the power-speed curve. Fig. 12(b) also 
shows when the boost converter begins to control, IB1 is 
increased to extract active power from DWIG and because of 
the voltage drop across power winding impedance, VB1 is 
slightly decreased. Before starting the boost converter, IB1 is 
zero, then the current increases so that the output power 
reaches to 5 W. These waveforms prove the proper operation 
of DWIG with boost converter at low-speed condition, which 





Fig. 12. Experimental result of the start-up process. a) Vdc, ica. b) VB1, iB1. 
Fig. 13 shows the operation of the proposed topology when 
the rotor speed (Nr) is increased from 300 to 1800 rpm. Fig. 
13(a)-(c) show the dynamic process for the speed increase 
from 300 rpm to 1200 rpm and Fig. 13(d)-(f) are related to 
speed increase from 1200 rpm to 1800 rpm. Fig. 13(a) 
indicates that with increasing speed from 300 rpm to 1200 
rpm, ica decreases due to increase in excitation capacitor 
current by the frequency rise. At speeds above 1200rpm, ica 
decreases to the minimum value but then increases to the 
highest value at 1800 rpm as illustrated in Fig. 13(d). The 
behavior of ica in Fig.13(a) and (d), is the same as that shown 
in Fig. 8. Fig. 13(b) and (e) show that with increasing speed, 
the voltage VB1 is increased because V/f strategy is performed. 
Moreover, the current IB1 is increased by the boost converter 
controller to extract active power from DWIG. In Fig. 13(e), 
when the speed is above 1650 rpm, the frequency is above 50 
Hz and the control-winding voltage remains constant, so VB1 is 
decreased with a slow slop caused by the power-winding 
voltage drop. Fig. 13 (c) and (f) indicate that VB2 is well 
regulated by the grid-connected converter and is constant 
during the speed rising and IB2 is increased so that the output 
power follows the power-speed curve. Fig. 13 proves the 
wide-speed-range generation for the proposed topology in 
which the boost converter is utilized by DWIG DC generation 
system. 
The measured output power and efficiency of the system at 
different rotor speeds are illustrated in Fig. 14. The measured 
power is in agreement with the power-speed curve, defined in 
the controller. At low speeds, the power loss caused by the 
control-winding current for DWIG excitation is significant 
compared to the output power, therefore, the efficiency is low. 
At higher speeds, although the total power loss, including 
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copper loss, core loss, converter loss, and mechanical loss, is 
increased, but due to the higher output power the efficiency is 
higher. The maximum efficiency of the system is measured 
78%. The efficiency curve can be improved in the systems 
with higher power rating because of the better generator 
parameters. 
   
                             (a)                                                            (d) 
   
                             (b)                                                            (e) 
   
                             (c)                                                            (f) 
Fig. 13. Experimental Result when the rotor speed is increased from 300 rpm 
to 1200 rpm ((a)-(c)) and from 1200 rpm to 1800 rpm ((d)-(f)). 
Fig. 15 illustrates the control-winding line-to-line voltage 
and line current with/without excitation capacitor in 3 
different speeds and loads (750 rpm, 72 W), (1350 rpm, 
422W), (1800 rpm, 1 kW). In all figures, the current lags line-
to-line voltage for about 120° which means the SEC provides 
only the reactive current for the DWIG excitation. The figures 
show the impact of the excitation capacitor on the reduction of 
the control winding current. In order to compare the calculated 
and the experimental results and also the effect of the 
optimum size of the capacitor (77 uF), the fundamental 
component of the control-winding current is extracted at 
different rotor speeds and loads. 
Comparison between theoretical analysis and experimental 
results are illustrated in Fig. 16. In this figure, the solid lines 
denote the calculated results and the points denote the 
measured results of control-winding current, for the two 
conditions: with and without excitation capacitor. In both 
cases, the measured current has a good agreement with the 
theoretical results and both follow the same behavior within 
the whole operating speed range. Moreover, with a 77uF 
excitation capacitor, the control-winding current does not 
exceed 1.8 A within the speed range, as expected from the 
theoretical analysis. Thus, when the optimum excitation 
capacitor is selected, the maximum current of SEC is 1.8 A 
and the SEC capacity is limited to 710 VA. 
 
Fig. 14. Experimental results for the output power and efficiency at different 
speeds. 
 
   
                             (a)                                                            (b) 
   
                             (c)                                                            (d) 
   
                             (e)                                                            (f) 
Fig. 15. Experimental result of the control winding voltage and current with 
and without Cexc at three different speeds and loads. a)750rpm/72W with Cexc. 
b)750rpm/72W without Cexc. c)1350rpm/422W with Cexc. d)1350rpm/422W 
without Cexc. e)1800rpm/1kW with Cexc. f)1800rpm/1kW without Cexc. 
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Fig. 16. Comparison between calculated and measured control-winding 
current and effect of the optimum excitation capacitor. 
VIII. CONCLUSION 
This paper proposes a topology for variable speed wind 
power application using dual stator-winding induction 
generator. A boost converter is utilized for MPPT and wide 
range variable speed operation, especially at low-speed 
condition is obtained. At low speeds, DWIG voltage is 
dropped due to V/f strategy and a boost converter is used to 
increase the voltage level to meet the higher and constant 
voltage requirement, such as in voltage source converter DC-
link or offshore DC network applications. In the proposed 
topology, by choosing the optimum excitation capacitor, the 
capacity of the semiconductor excitation controller is 
minimized. Finally, to verify the proper operation of the 
proposed system, simulation and experimental results are 
presented which validate the wide-speed range operation of 
the system and the excitation capacitor optimization method. 
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